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Abstract

Conflicts between human interests and feral cattle in Hong Kong derive from growing num-
bers of free-roaming cattle. Public antipathy towards lethal population control led the local
authorities to consider fertility control to reduce cattle numbers. This study assessed the po-
tential side effects of the immunocontraceptive GonaCon on individual female cattle and es-
tablished the effectiveness of GonaCon to induce infertility. We evaluated GonaCon in 34
captive cattle assigned to four groups: Control administered a sham solution; Webbed (sur-
gically sterilized through removal of the oviducts), administered one dose of GonaCon;
Webbed, administered one dose of GonaCon and a booster dose three months later, and
Treated, administered one dose of GonaCon. The side effects of GonaCon were assessed
by monitoring injection site, body weight, body condition, size of lymph nodes, body temper-
ature, and feeding behaviour 1 week and 1, 3, 6, 9 and 12 months after vaccination and by
haematological and biochemical variables at vaccination and three months post-vaccina-
tion. The effectiveness of GonaCon to cause infertility was monitored by quantifying anti-
GnRH antibody titres and by using kits to detect cycling and pregnancy. GonaCon-treated
cattle showed no injection site reaction, limping, or abnormal behaviour. No differences
were observed in all physiological and welfare indicators between control and vaccinated
cattle. All control cattle and 4 of the 12 cattle in the Treated group became pregnant. Cattle
administered a booster dose had higher anti-GnRH antibody titres than cattle that received
one dose. We concluded that GonaCon does not compromise the animals’ welfare and is
effective in reducing fertility in cattle. A booster dose is likely to increase the duration of infer-
tility. Further studies are required to assess the feasibility and costs of immunocontraception
for controlling free-roaming cattle populations.
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Introduction

Conlflicts between human activities, wildlife and feral animals are often associated with over-
abundant or expanding animal populations and are likely to increase in the near future [1-3].
Culling has been used traditionally to mitigate these conflicts. However, public antipathy to
culling has grown because of concerns about animal welfare, human safety in urban settings,
and environmental impact of some control method [4-7]. Opposition to lethal methods, par-
ticularly strong for high profile, iconic species, has promoted interest in alternative options,
such as translocation and fertility control, to manage overabundant animal populations [8-11].
Translocations of problem animals, often perceived as the best management option, is expen-
sive and may have a number of other drawbacks that make this method often unsuitable to re-
solve human-wildlife conflicts [12-16].

Fertility control through contraception may offer a humane and effective means of manag-
ing overabundant animal populations [9, 10, 17]. Single-shot, injectable immunocontraceptive
vaccines are increasingly considered as potential options for controlling size and growth of
wildlife populations [18-20]. These vaccines act by inducing antibodies to proteins or hor-
mones essential for reproduction. For instance, gonadotropin-releasing hormone (GnRH)-
based vaccines cause the production of antibodies to GnRH, thus preventing the production of
sex hormones and ultimately inhibiting ovulation. One of these vaccines is the single-dose in-
jectable GnRH vaccine GonaCon, shown to decrease significantly fertility for at least 1-6 years
in a wide spectrum of species including deer, wild boar and feral pigs (Sus scrofa), cats (Felis
catus), horses (Equus caballus), and bison (Bison bison) [17, 21-24]. As GonaCon prevents
ovulation, treated females do not exhibit oestrous for several years following vaccination [25].
In some species, vaccination with GonaCon was observed to cause an apparently non-painful
granuloma or a sterile abscess at the injection site. For instance cats treated with GonaCon had
a palpable non-painful injection-site granuloma [26] and both white-tailed deer (Odocoileus
virginianus) and elk (Cervus elaphus) had granulomatous nodules and sterile abscesses at injec-
tion sites and in lymph nodes, although no evidence of limping or impaired mobility was ob-
served in these animals [27-28]. Conversely, no adverse effects were observed in GonaCon-
treated wild boar, prairie dogs (Cynomys ludovicianus), and wild horses [17, 23, 24, 29]. As the
potential side effects as well as the effectiveness of GonaCon, in terms of both proportion of an-
imals rendered infertile and duration of infertility, vary among species, trials under controlled
conditions are advisable when this vaccine is tested on a new species.

In the unique setting of Hong Kong, an estimated 1250 South China feral cattle (Bos taurus/
Bos indicus) exist as free-living animals [30, 31]. These cattle have not been actively managed
since they were released by local farmers over four decades ago, when the decline of agricultural
activities meant they were no longer needed as draught animals. For a variety of reasons, in-
cluding religious beliefs, many farmers did not take the cattle to slaughter but simply let them
wander away freely. At present, most of the cattle are not found in the highly urbanized areas
of Hong Kong but they occur in the following four main areas, isolated from each other:
Lantau Island, Sai Kung/ Ma On Shan, Central New Territories, and Northeast New Territories
(Fig 1). The impacts of feral cattle include traffic disturbance and accidents, environmental nui-
sance, and crop damage. On the other hand, cattle are regarded as part of the local heritage and
some of the Hong Kong residents support non-lethal control to manage this species [31].

In 2011, in response to concerns expressed by stakeholders on the impact of feral cattle on
human activities and vice versa, the Agriculture Fisheries and Conservation Department
(AFCD) set up a designated Cattle Management Team for the long-term management of feral
cattle populations. One of the main objectives of AFCD is to achieve a stable cattle population
so that humans and feral cattle can co-exist in harmony. Feral cattle are captured and
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Fig 1. Location of the main populations of feral cattle (green square symbols) in Hong Kong.

doi:10.1371/journal.pone.0121598.g001

transported to the Ta Kwu Ling Operation Center in Fanling, Hong Kong, where animals are
surgically sterilized. Bulls are castrated while females are webbed, i.e. the oviducts are removed.
After a short holding period at the Operation Center to ensure animals have recovered from
surgery, all sterilized cattle are returned to their natal area or relocated to country parks. As
capture and transport of animals is impossible in remote areas, the use of immunocontracep-
tion was evaluated as an alternative to surgical sterilization.

The overall aim of the proposed project was to provide initial evidence that immunocontra-
ception could be a safe and effective method to decrease fertility in feral cattle, thus assisting
the AFCD in its proactive role to provide tools that could be used for reducing population
growth of feral cattle in Hong Kong. The specific aims of this study were: 1) to assess the poten-
tial side effects of GonaCon on individual animals, and 2) to establish the effectiveness of
GonaCon to induce infertility in feral cattle.

Methods

The study was carried out at the Ta Kwu Ling Operation Center in Fanling, Hong Kong. The
center is owned by the Agriculture, Fisheries and Conservation Department (AFCD) that au-
thorized the study. At the beginning of the study, 12 cows that had been surgically sterilized in
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March 2012 through removal of the oviducts (referred to as “webbing”) were available at the
farm. In addition, 22 cows captured between April 2012 and February 2013 were kept for the
trial. Animals were kept in a 2025 m” paddock and provided with one bale of hay per 3 cows
per day and water ad libitum.

All animals were de-wormed with ivermectin 0.5% pour-on (Noromectin Pour-on; Nor-
brook; Station Works, Newry, Co. Down, N. Ireland, BT35 6]P) and vaccinated with two doses
of clostridial vaccine (Ultravac? in 1; Pfizer; 38-42 Wharf Rd, West Ryde NSW, Australia) 4-6
weeks apart. All cattle resulted negative for brucellosis when tested with the Rose Bengal Test
by the AFCD Veterinary Laboratory (in Lin Tong Mei, Sheung Shui, New Territories, HK). All
cattle were subjected to a standard screening test for bovine tuberculosis (the Single Intrader-
mal Comparative Cervical Tuberculin test) and all were non-reactors.

On arrival at the farm, each cow was equipped with a plastic, numbered ear-tag for individ-
ual identification. The age of the animals, assessed by tooth eruption and replacement, ranged
from 18 months to over 4 years old [32]. Cattle fertility was assessed through behavioural ob-
servation to detect oestrous cycling or through rectal palpation to determine whether animals
were pregnant. For cows that were not observed cycling, Kamar Heatmount Detectors (Kamar
Products Inc., 1821 Kamar Plaza 3, Streamboat Springs, CO 80487, USA; hereafter referred as
“Kamars”), were glued onto the cow’s tailhead and used to assist in the detection of oestrus.
Kamars, commonly employed in farming practice, change colour when a cow is mounted by a
conspecific: this generally indicates that the cow that has been mounted is cycling. Out of the
34 cows used for the study, 29 were confirmed to be cycling, 1 was in the last month of preg-
nancy and the remaining 4 were confirmed to be non-pregnant by rectal palpation.

At the beginning of the study, animals were randomly assigned to treatment groups; the
pregnant cow was assigned to treatment with the vaccine. The 4 cows not observed cycling
were equally allocated to treatment with vaccine (n = 2) and to control (n = 2) groups.

Cows were assigned to the following groups:

1. Control: treated with saline (C, n = 10)
2. Webbed: treated with a single dose of GonaCon (W, n = 6)

3. Webbed and boosted: treated with a primary dose of GonaCon followed by a booster dose
administered three months after the primary dose (WB, n = 6)

4. Treated with a single dose of GonaCon (T, n = 12).

All cattle injected with GonaCon were used to assess potential injection site reaction to the
vaccine and immune response to the vaccine. Webbed cattle were used to assess the anti-
GnRH antibody response to a single dose or primary and booster doses of the vaccine. Cattle in
the Treated group were used to assess the anti-GnRH antibody response to the vaccine and test
the ability of GonaCon to induce infertility.

GonaCon, containing 1000 ug GnRH-mollusk-hemocyanin conjugate per ml, was produced
at the USDA, National Wildlife Research Center (Fort Collins, CO). On 16 and 17 April 2013
(hereafter referred as vaccination day), each animal was immobilized in a cattle crush and ad-
ministered 3 ml (i.e. 3000 pg) of GonaCon (Groups W, WB and T) or 3 ml of 0.9% saline solu-
tion (Group C) by intra-muscular injection in the left side of the neck using an 18G 40mm
needle. Three months after vaccination, cattle of Group WB were administered a 1 ml (i.e.

1000 pg) booster dose of GonaCon. An area of 2-3 cm in diameter was shaved at the injection
site to facilitate monitoring of possible reactions to vaccination. For each animal, the following
data were collected: 1) Body weight, 2) Age, 3) Body condition score, 4) Size of pre-scapular
(PS) and pre-crural (PC) lymph nodes (only on right side due to operator’s safety and handling
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constraints), and 5) Body temperature. Pictures and the size of the right and left horn of each
animal were also collected for identification purposes. Body condition scores were assigned on
a scale from 1 to 5, with 1 being the poorest condition, 3 the ideal score, and 5 indicating over-
weight [33]. The diameter of the PS and PC lymph nodes was estimated by palpation, with two
veterinarians taking independent measurements that were then averaged for each animal.

Blood samples were collected on vaccination day and 3, 6, 9 and 12 months post-vaccina-
tion. For each cow, blood was collected in two untreated Vacutainers and one EDTA-treated
Vacutainer (BD Vacutainers, Belliver Ind. Estate, Plymout, PL6 7BP, UK) for health profile
analysis and for anti-GnRH antibody assays. The sera used for anti-GnRH antibody assays
were stored at -20° C until assayed.

Six months after vaccination, two bulls of proven fertility were housed with the cows and all
females were fitted with Kamars. Observations of Kamars were carried out 5 days per week for
8 weeks to determine the number of cattle that were cycling. Two months later, the bulls were
removed from the paddock. A Pregnancy-Associated-Glycoprotein assay (PAG), routinely
used as an indicator of cattle pregnancy from day 28 [34], was employed to determine the num-
ber of pregnant cattle in Groups T and C one month after the bulls had been removed. Twelve
weeks after the bulls had been removed, the reproductive status of all cows was confirmed
through internal palpation to detect pregnancy. Animals that were found to be pregnant were
administered prostaglandins to induce early-pregnancy abortion.

The study was approved in the UK by the Food and Environment Research Agency Ethical
Review Process (ERP, 15/11/2012). As the AFCD in Hong Kong is a government department
and not primarily a research institution, it does not have a permanent named IACUC: for this
reason, an ad hoc Ethic Review Panel was set up specifically for this trial.

Effects of the GnRH vaccine on behaviour and physiology

The potential side effects of GonaCon on animal health were assessed by post-vaccination
monitoring of body weight, haematology and serum biochemistry, lymph node size, body tem-
perature, feeding behavior, and injection site reaction. Data on haematology and serum bio-
chemistry were collected on vaccination day and three months after vaccination. Data on all
the other variables were collected on vaccination day and 1 week, and 1, 3, 6, 9 and 12 months
post- vaccination. Feeding behavior was monitored by direct observation of cattle, by recording
whether animals fed on the hay provided in the morning. Concurrently, the injection site was
observed for signs of reaction to vaccination. Injection site reaction was also monitored 1 week,
and 1, 3, 6,9 and 12 months post-vaccination. This was done by applying pressure with one
hand on the injection site and recording the animal’s reaction (recorded as “no reaction” or
“recoiling from pressure”).

The following biochemical and haematological parameters were provided by Path Lab,
Medical Laboratories Ltd (Wan Chai, HK), based on blood collected at the time of vaccination
and three months later: total protein, albumin, globulin, aspartame aminotransferase (AST),
gamma globulins, phosphokinase (CPK), urea, sodium, calcium, neutrophils, lymphocytes,
monocytes, eosinophils, red blood cell count (RBC), haemoglobin, haematocrit, mean corpus-
cular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin
concentration (MCHC), red cell distribution width (RDW), mean platelet volume, and
platelet count.

Effectiveness of the GnRH vaccine to induce infertility

The effectiveness of the vaccine to induce infertility was determined by: 1) Immune response to
the vaccine, assessed by measuring serum anti-GnRH antibodies, 2) detection of cycling
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through the use of Kamars, and 3) confirmation of pregnancy through the PAG assay and in-
ternal palpation carried out on all T and C cattle.

An enzyme-linked immunosorbent assay (ELISA) was used to measure anti-GnRH anti-
body titres. Wells of 96-well plates were coated by adding 200 ng of GnRH-ovalbumin conju-
gate in 50 L of carbonate-bicarbonate buffer to each well and incubating overnight. Plates
were blocked with a solution of 20% SeaBlock (Thermo Fisher Scientific; Waltham, Massachus-
sets, USA) and 5% Tween 20 in 0.01 M phosphate buffered saline (PBS). Fifty uL of cattle sera,
pre-diluted 1:1000 in BUF039 sample diluent (AbD Serotec; Oxford, UK) were serially diluted
to 1:256,000 in PBS. A rabbit anti-bovine IgG antibody conjugated to horseradish peroxidase
(HRP) was used as the secondary antibody. Tetramethylbenzidine was used as a chromogenic
substrate and 2 M sulfuric acid was used to stop the reaction. The optical density (OD) of each
sample was measured at 450 nm with a Dynatech MR 5000 microplate reader. The limit of de-
tection (LOD) was estimated as 3 Standard Deviations (SD) of the mean OD for 8 wells includ-
ed on every plate that were incubated with buffer instead of cow serum; OD values below the
LOD were not considered for titre assignment. Titre positive/negative thresholds were estab-
lished for each dilution factor as the mean of all pre-vaccination ODs plus 2 SD of that mean.
Anti-GnRH antibody titres were determined by comparing post-vaccination sample ODs for
each animal to the threshold values, and expressed as the highest dilution factor at which the
post-vaccination sample OD was greater than the corresponding threshold value.

Statistical analyses

Differences in body weight between groups were analyzed by a repeated measures analysis of
covariance. The initial weight, recorded at vaccination, was used as a covariate. As pregnancy
would have affected body weight, from nine months post-vaccination onwards, this variable
was compared between groups 1 week and 1, 3 and 6 months post-vaccination.

Repeated measures analysis of covariance was also used to test between group differences in
body temperature, body condition score, and size of PS and PC lymph nodes 1 week, and 1, 3
and 6 months post-vaccination.

Differences in biochemistry and haematology among groups were tested through a multi-
variate analysis of variance (MANOVA) carried out on vaccination day and three months
post-vaccination.

A repeated measure analysis of variance was carried out on log-transformed anti-GnRH an-
tibody titres to determine whether the booster dose had an effect on the titres. Anti-GnRH an-
tibody titres were compared for the T, W, and WB treatment groups 3, 6, 9 and 12 months
post-vaccination.

A Mann-Whitney test was used to determine whether anti-GnRH antibody titres in Group
T could be used to predict infertility. Anti-GnRH antibody titres at 6 months post-vaccination
were compared between cattle that were confirmed pregnant nine months post-vaccination
and animals that remained infertile nine months post-vaccination.

A McNemar test was used to test the agreement between the detection of cycling assessed by
using Kamars, which indicated the likelihood of an animal to become pregnant, and the actual
pregnancy status derived from the PAG test and from internal palpation.

A two sample binomial test was used to assess the effectiveness of the immunocontraceptive
to induce infertility by comparing the proportion of pregnant versus non-pregnant cattle in
Groups T and C. All data analyses were carried out in GenStat 16.1 [35].
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Results

The female in Group T that was already pregnant at the time the study was initiated gave birth
to a calf two days after vaccination and was thereafter monitored with the rest of the group.
One animal in Group C showed a sudden onset of ataxia about a month after vaccination and
was euthanized on humane ground. The carcass was sent to lab for post mortem examination
and none of the histopathological changes explained the condition. Thus nine animals re-
mained in Group C.

All cattle were observed eating normally following primary vaccination and, when applica-
ble, following administration of the booster dose. Of the 24 cows treated with GonaCon, one
animal in Group W showed a mild injection site reaction as diffuse swelling at one week post-
vaccination. This reaction was observed again in the same animal one month later but disap-
peared thereafter. Another animal in Group W had a lump, 1 cm in diameter, at the injection
site 12 months after vaccination. In both instances, the animals did not react when a researcher
put pressure on the injection site, suggesting the swelling was not painful. None of the other
cattle showed any injection site reaction, limping, or abnormal behaviour that might have indi-
cated suffering or discomfort. It was concluded that GonaCon did not cause any obvious, per-
sistent injection site reaction.

Body weight at vaccination day affected body weight during the rest of the trial, with ani-
mals heavier at the start remaining heavier throughout the trial (F; 5o - 174.45, P < 0.001)

(Fig 2A). Overall, body weight changed between vaccination day and six months post vaccination
(Fs57 = 24.28, P < 0.001) but varied differently between treatments (Fq g, - 3.16, P < 0.004).
However, there was no evidence of any overall treatment effect (F; 5 - 1.03, P = 0.40).

Body temperature at vaccination day did not differ among groups (F; 59 - 4.13, P = 0.051),
although this effect was borderline (at the 5% significance level). Between vaccination day
and six months post-vaccination, body temperature varied with time (F; g, _ 8.38, P < 0.001)
but there was no evidence that the trend differed between treatments (Fy g7 - 0.99, P = 0.45)
(Fig 2B). Also, there was no evidence of any overall treatment effect (F; 59 - 0.29, P = 0.83).
Body condition score at vaccination day affected body condition score during the rest of the
trial (F; »5 - 6.74, P = 0.015), with animals with the highest scores on vaccination day maintain-
ing high scores throughout the trial (Fig 2C). Between vaccination day and six months post-
vaccination, body score did not vary with time (F; 59 - 0.76, P = 0.39), and this was the case for
all treatments (F; 59 - 0.84, P = 0.48). There was no evidence of overall treatment effect (F; »g -
0.52, P = 0.68). The size of the PS lymph nodes on vaccination day affected the size of the PS
lymph nodes during the rest of the trial (F, 57 - 5.58, P = 0.026). The size of the PS lymph
nodes did not differ among treatments overall (F; ,; _ 0.41, P = 0.75) but varied between vacci-
nation day and six months post-vaccination, (F; ;3 - 6.96, P < 0.001). However, the trend of
the size of the PS lymph node over time did not differ among treatments (Fy 73 - 2.03,

P =0.060), although borderline (at the 5% significance level) (Fig 2D).

The size of the PC lymph nodes at vaccination day affected their size during the rest of the
trial (F; 25 - 9.69, P = 0.005). Between vaccination day and 6 months post vaccination the size
of the PC lymph nodes varied with time (F; ;; - 17.62, P < 0.001) but there was no evidence
that this trend differed among treatments (Fy ;; - 1.06, P = 0.40). Further, there was no evi-
dence of any overall effect of the treatment (F; 55 - 1.39, P = 0.27) (Fig 2E).

No differences in biochemistry and haematology were observed among groups at vaccina-
tion day (Fsp3, - 1.14, P = 0.35) and three months post-vaccination (Fs; 30 - 1.46, P = 0.15)
(Table 1).

Out of 24 cattle treated with GonaCon, 23 had measurable anti-GnRH antibody titres; one
animal in the T group had no detectable titres and was thus classified as a “non-responder” to
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Fig 2. Mean (SD) body weight (a), body temperature (b), body condition score (c) and diameter of pre-scapular (d) and pre-crural (e) lymph nodes
in Control (C), Treated (T), Webbed (W) and Webbed-boosted (WB) cattle. T, W and WB were treated with a single dose of the immunocontraceptive
GonaCon, WB received a booster dose three months later. W and WB had their oviducts removed before the trial.

doi:10.1371/journal.pone.0121598.g002

the vaccine. The comparison in anti-GnRH antibody titres among Groups T, W, and WB
showed that titres changed with time (F; 3 - 20.44, P < 0.001) (Fig 3). The significant interac-
tion between time and treatment (F; ¢ - 3.38, P < 0.019) indicated that the trend in titres over
time differed among groups, as titres in animals that received a booster vaccination were
shown to have declined less than those of cattle that received only a single dose; titres in the
boosted cattle even increased at six months while none of the other treatments exhibited this
trend. Despite infertile cattle having higher anti-GnRH titres at six months than cattle that be-
came pregnant, the difference in anti-GnRH titres was not significant (Mann-Whitney U = 8.0,
P =0.19), possibly due to small sample size (8 not pregnant versus 4 pregnant animals).
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Table 1. Mean (SD) hematological and biochemical parameters of cattle at vaccination and three months after vaccination.

Mean

Total Protein g/dL
Albumin g/dL
Globulin g/dL
SGOT/AST U/L
Gamma GT U/L
CPK U/L

Urea mg/dL
Sodium mmol/L
Potassium mmol/L
Cacium mg/dL
Phosforous mg/dL

Total WBC Count K/
ul

Neutrophils K/ul
Lymphocites K/ul
Monocytes K/ul
Eosinophils K/ul
Neutrophils %
Lymphocites %
Monocytes %
Eosinophils %
RBC Count M/uL
Haemoglobin g/dL
Haematocrit %
MCV fL

MCH pg

MCHC g/dL

RDW %

Platelet count K/uL
MPV fL

Control
Vaccination 3 month post-
vaccination
7.96 (0.57) 8.57 (0.69)
3.18 (0.29) 3.44 (0.45)
4.80 (0.36) 5.12 (0.38)

84.10 (10.59)
54.50 (32.96)

307.30
(195.01)

30.50 (5.06)
140.90 (3.60)
5.17 (0.43)
9.57 (0.52)
7.33 (1.54)
9.73 (2.76)
2.02 (0.89)
6.23 (2.11)
0.39 (0.19)
0.93 (0.34)
21.20 (8.35)
63.30 (9.43)
4.00 (1.25)
10.00 (3.43)
8.07 (1.16)
13.01 (1.40)
36.77 (3.95)
46.09 (5.91)
16.30 (1.98)
35.45 (1.38)
18.16 (1.07)
220.00 (57.89)
9.99 (2.25)

101.22 (18.40)
53.56 (27.40)
243.56 (134.86)

34.33 (4.72)
139.89 (2.42)
4.68 (0.42)
9.92 (0.43)
7.77 (2.25)
11.50 (2.94)

3.16 (1.58)
6.53 (1.75)
0.50 (0.28)
1.14 (0.29)
26.67 (8.15)
57.22 (8.79)
4.44 (2.65)
10.33 (2.00)
8.43 (0.90)
13.91 (1.230
38.82 (3.35)
46.26 (3.63)
16.56 (1.30)
35.81 (1.07)
18.28 (1.18)
205.78 (114.38)
10.49 (2.19)

Treated
Vaccination 3 month post-
vaccination
8.12 (0.35) 8.48 (0.57)
3.24 (0.38) 3.34 (0.31)
4.88 (0.31) 5.12 (0.39)

84.92 (20.74)
62.42 (65.85)

258.25
(157.65)

28.17 (7.00)
142.50 (2.78)
5.26 (0.45)
9.22 (0.55)
7.54 (1.60)
9.91 (1.68)

2.53 (0.78)
5.77 (1.58)
0.41 (0.14)
1.07 (0.50)
25.75 (6.99)
57.92 (8.96)
4.08 (1.44)
11.17 (5.37)
8.31 (1.12)
13.78 (1.69)
38.86 (4.77)
47.06 (4.46)
16.70 (1.57)
35.49 (0.72)
17.58 (1.57)
242.58 (87.08)
10.72 (2.38)

101.83 (23.90)
61.92 (95.09)
283.25 (275.04)

34.17 (3.66)
140.83 (1.64)
4.71 (0.40)
9.69 (0.43)
8.64 (2.16)
10.58 (1.67)

2.86 (1.12)
6.03 (1.22)
0.51 (0.16)
1.06 (0.40)
26.50 (7.99)
57.08 (8.47)
5.00 (1.54)
10.25 (4.45)
7.88 (0.76)
13.76 (1.21)
38.27 (3.30)
48.88 (5.06)
17.58 (1.90)
35.98 (0.87)
18.70 (1.73)
255.92 (109.74)
9.16 (2.63)

Webbed

Vaccination 3 month post-

vaccination
7.96 (0.50) 8.20 (0.45)
3.43 (0.42) 3.43 (0.26)
4.54 (0.21) 4.77 (0.31)
75.25 (7.33) 87.92 (24.33)
34.75 (11.26) 38.25 (20.52)
272.67 227.67 (151.16)
(151.71)
24.92 (2.91) 29.58 (4.34)
142.83 (2.66) 142.50 (1.09)
5.08 (0.50) 4.76 (0.41)
9.20 (0.42) 9.73 (0.27)
6.35 (0.90) 8.10 (0.99)
8.58 (1.31) 9.75 (1.80)
2.08 (0.85) 2.28 (0.86)
5.32 (1.23) 5.75 (1.19)
0.26 (0.10) 0.39 (0.19)
0.82 (0.39) 1.20 (0.68)
24.17 (8.45) 23.17 (7.09)
62.17 (9.69) 59.67 (10.90)
2.92 (1.31) 4.00 (1.76)
9.58 (3.52) 11.92 (5.05)
8.45 (1.11) 8.05 (0.86)
14.75 (1.74) 14.63 (1.48)
41.48 (5.240 40.44 (3.88)
49.18 (2.34) 50.34 (2.06)
17.47 (0.58) 18.18 (0.64)
35.58 (1.140 36.15 (0.79)
16.68 (1.130 17.78 (1.00)
193.83 (46.20) 193.67 (106.20)
10.60 91.090 10.88 (3.58

Controls were injected with a saline solution whilst Treated and Webbed (Groups T and W)cattle were injected with the immunocontraceptive GonaCon.

doi:10.1371/journal.pone.0121598.t001

Out of the 21 cattle that could become pregnant (n =9 C, n = 12 T), the use of Kamar, car-
ried out following the introduction of the bulls to the paddocks, suggested that 8 cattle in the C
Group and 9 cattle in the T Group were cycling. The PAG test, carried out three months after
the bulls had joined the females, indicated that all 9 Group C animals and 4 of the Group T fe-
males were pregnant. Pregnancy status was further confirmed by rectal palpation a month

later. GonaCon significantly affected fertility in Group T cattle, rendering these animals signifi-

cantly less likely to become pregnant than control animals (z = 3.113, P = 0.002).

Assuming that all the females that were found cycling through the use of the Kamar were
also able to conceive, the Kamar confirmed cycling in all C animals except one that was found
pregnant even though the Kamar did not indicate she had been mounted. In the T group, the
Kamar suggested that nine cows were cycling: of these, only four became pregnant. The three

animals in the T group that were not cycling according to the Kamar, did not become pregnant.

PLOS ONE | DOI:10.1371/journal.pone.0121598  April 9, 2015
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Fig 3. Mean (SD) anti-GnRH antibody titres for cattle treated with the immunocontraceptive vaccine
GonaCon. All cattle received a single dose of GonaCon, WB received a booster dose three months later.

doi:10.1371/journal.pone.0121598.g003

The Kamar test correctly detected that 15 of 21 cows that would become pregnant were cycling
while housed with the bulls. The results of the McNemar test indicated that the Kamar method
may be a useful predictor of future pregnancy (x* = 1.5, d.f. = 1, P = 0.22) in female cattle
housed with intact bulls.

Discussion

The results of this study showed that the immunocontraceptive GonaCon was safe when ad-
ministered to cattle as a single dose or as prime and booster doses. No differences in any of the
physiological and welfare indicators measured were found between treated and control ani-
mals, suggesting that GonaCon had no obvious negative side effects on this species. These find-
ings are consistent with studies in other species such as wild boar that found no general side
effect or specific injection site reaction in animals treated with GonaCon [23,24].

This study found that GonaCon was effective as a contraceptive, as 8 of the 12 treated ani-
mals (66.6%) became infertile, compared to all 9 control animals that became pregnant. De-
spite the relatively small sample size in the group treated with a booster dose, the results
suggested that boosting is likely to increase the efficacy and duration of the contraceptive effect.
The effectiveness of GonaCon to induce infertility in cows was comparable to that observed in
other species where a single vaccination was successful in preventing pregnancy for multiple
years. Comparisons between studies are hampered by the fact that the formulation of GonaCon
differed in earlier studies as some of the constituents changed to improve the efficacy, decrease
potential injection-site reaction, and reduce the cost of manufacturing the contraceptive [9, 17,
36].

Despite differences in formulation that might have affected some of the findings, GonaCon
was found to reduce fertility in all ungulate species tested. A single 1800-2800 ug dose of Gona-
Con induced infertility in 93%, 64%, 53%, and 47% of captive mares in the four years following
treatment respectively, compared to 0-25% of control animals that were infertile in the same
period [25]. A field study showed that 1000 pg of GonaCon significantly reduced fertility in
free-living horses for 3 years: 61%, 58%, and 69% of treated mares became infertile compared
to 39%, 33%, and 24% of control mares [17]. A single 1000 pg dose of GonaCon rendered 91%
of female wild boar infertile for at least 4-6 years, compared to 0% of the control sows [24].
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Similarly, 88% and 47% of female white-tailed deer were infertile in the first two years after vac-
cination, respectively, compared with 15% and 0% of control animals [3].

Some studies have suggested that the dose of GonaCon might affect the anti-GnRH anti-
body titres and in turn the longevity of the contraceptive effect as well as the proportion of ani-
mals rendered infertile. However, other studies have found no evidence for dose-related
efficacy. For instance, in elk anti-GnRH antibody titres were greater in females treated with a
dose of 2000 ug than in females treated with 1000 pg of GonaCon. Interestingly, no difference
in the rates of infertility between these groups was found in the three years following vaccina-
tion, with annual infertility of 90% -100% in treated animals of both groups compared to
0-27% in control females [37]. However, in feral pigs, vaccination with 2000 ug of GonaCon
rendered 100% of the sows infertile whilst a 1000 pg dose caused infertility in 78% of the fe-
males [36]. The latter study and studies on wild boar [23,24], white-tailed deer [17], and feral
horses [25] also suggested that higher anti-GnRH antibody titres were associated with greater
rates of infertility.

The dose used in this study was consistent with that used previously in large animals, such
as bison and horses. In female bison vaccinated with 1800 ug of GonaCon all 6 animals became
infertile for at least one year whilst all 5 controls produced calves. Four of the 6 treated animals
that were pregnant when injected with GonaCon, delivered healthy calves but did not repro-
duce the following season [38]. Similarly, all elk injected with 1500 ug of GonaCon when preg-
nant delivered healthy calves and then became infertile in the years following vaccination [27].

The only other trial with GonaCon in cattle was carried out on heifers in northern Australia:
animals of considerably larger body mass (mean = 429 kg, SD = 28.3) than the cattle in this
study were injected with a single dose of 3000 pg or with an initial dose of 2000 pg followed
two months later by a 1000 pg booster [39]. The results showed that a single dose of GonaCon
produced virtually no anti-GnRH response, whereas administration of a booster vaccination
induced significant anti-GnRH antibody titres in 6 out of 9 heifers, and ovarian activity was
suppressed for 330 days in 5 of 9 heifers [39]. One possible explanation for the lack of anti-
GnRH antibody production following a single vaccine dose was that those cattle had not been
previously exposed to Mycobacterium avium, one of the main components of the GonaCon ad-
juvant, which is otherwise thought to be ubiquitous in the rest of the world. The recommenda-
tions from the Australian study were that higher doses of GonaCon and administration of a
booster should be tested in heifers to induce significant anti-GnRH antibody titres in these cat-
tle. The results from the present study suggested that administration of a boost vaccination is
likely to be more effective than treatment with a single dose and that the two doses employed
as primer and booster were sufficient to induce anti-GnRH antibody titres that resulted in
infertility in most animals.

Although the long-term infertility in cattle can only be assessed in a multi-year study, it is
likely that some of the cattle that were rendered infertile with a single dose of GonaCon in this
study will become fertile again due to the decrease in anti-GnRH antibodies. This is also con-
firmed by the finding that some animals appeared to be cycling, according to the Kamar, but
did not become pregnant. These findings were consistent with the results of a study in white-
tailed deer that found that the return of reproductive behaviour may occur years before the re-
turn of fertility [22]. This suggests that the follicular development and the estrogen concentra-
tion could be sufficient to support the expression of reproductive behaviour but insufficient to
restore ovulation and fertility.

The decline in anti-GnRH antibody titres over time observed in this study is consistent with
trends observed in other studies: in the years following vaccination with GonaCon, anti-GnRH
antibody titres decrease and fertility is restored in some animals [3, 22, 36, 40]. Although the
reversibility of the contraceptive effect can be a disadvantage when fertility control is used to
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manage overabundant populations of wildlife [9, 20], in other species, such as elephants and
feral horses, temporary infertility might be desirable [18, 19]. The latter is likely to be the case
for the Hong Kong cattle that many stakeholders would like keep in the area.

GonaCon is currently registered in the US as a contraceptive for white-tailed deer, feral
horses and feral donkeys but it is also used as an experimental drug in other countries such as
the UK [23, 24] and Australia [39, 41]. As the vaccine is broken down when ingested, GonaCon
does not pose unacceptable risks to predators or human consumers of treated animals.

As pregnancy in cattle lasts approximately nine months, it is likely that a proportion of cat-
tle will be pregnant at any time of the year. The fact that GonaCon does not appear to affect
pregnancy is thus particularly important for field applications in cattle.

In conclusion, this study confirmed that GonaCon is a safe, effective option to induce infer-
tility in cattle, thus warranting field applications for this species and consideration for other
feral species in which population control becomes necessary, such as water buffaloes (Bubalus
bubalis). Future field studies should evaluate effectiveness, feasibility and sustainability of
immunocontraception at the population level to determine whether this method can be em-
ployed routinely to manage feral cattle in Hong Kong. If field studies confirm that cattle popu-
lations can be managed through immunocontraception, this method should also be explored
for other contexts, such as in India, where religious beliefs prevent the use of lethal method, to
mitigate the impact of cattle on human interests.
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